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Abstract: Computed tomography (CT) is increasingly available to evaluate dogs with suspected adrenal
disease, however, published studies describing the reproducibility of CT methods for quantifying adrenal
gland (AG) measurements are lacking. This prospective, pilot, observer agreement study aimed to evalu-
ate reproducibility and repeatability of two different methods of measurement of AGs on CT to establish
a usable technique and define standard reference ranges. Multiplanar reformatted (MPR) CT images of
both AGs of six large breed dogs were obtained with the MPR axis parallel to the spine and parallel to
the long axis of the AG. Ten measurements were performed: maximal length and diameter at cranial and
caudal poles on dorsal, sagittal, and transverse images; and minimal diameter of cranial and caudal poles
on transverse images. Three observers with different levels of experience repeated these measurements
three times for each dog. Intra- and interobserver variability were calculated through intraclass correla-
tion coefficient (ICC). The differences in time to perform measurements between the two methods were
tested with Student’s t-test. Regardless of the measurement method used, length of AGs on dorsal and
sagittal MPR images had the lowest intra- and inter-observer variability (ICC = 0.93-0.99), diameter of
caudal pole on transverse plane showed low intra- and interobserver variability (ICC = 0.77-0.80) and
diameter of cranial pole had the highest variability (ICC = 0.12-0.61). Although length was the less
variable measurement, its use may be unrealistic in daily practice. Interestingly measurement of caudal
pole on transverse plane was characterized by low intra- and interobserver variability. No difference in
time performing the measurements was noted between the two methods.
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Computed tomography (CT) is increasingly available to evaluate dogs with suspected
adrenal disease, however, published studies describing the reproducibility of CTmeth-
ods for quantifying adrenal gland (AG) measurements are lacking. This prospective,
pilot, observer agreement study aimed to evaluate reproducibility and repeatability of
two different methods of measurement of AGs on CT to establish a usable technique
and define standard reference ranges. Multiplanar reformatted (MPR) CT images of
both AGs of six large breed dogs were obtained with the MPR axis parallel to the
spine and parallel to the long axis of the AG. Tenmeasurements were performed: max-
imal length and diameter at cranial and caudal poles on dorsal, sagittal, and trans-
verse images; and minimal diameter of cranial and caudal poles on transverse images.
Three observers with different levels of experience repeated these measurements
three times for each dog. Intra- and interobserver variability were calculated through
intraclass correlation coefficient (ICC). The differences in time to perform measure-
ments between the two methods were tested with Student’s t-test. Regardless of the
measurement method used, length of AGs on dorsal and sagittal MPR images had the
lowest intra- and inter-observer variability (ICC = 0.93-0.99), diameter of caudal pole
on transverse plane showed low intra- and interobserver variability (ICC = 0.77-0.80)
and diameter of cranial pole had the highest variability (ICC = 0.12-0.61). Although
length was the less variable measurement, its use may be unrealistic in daily practice.
Interestingly measurement of caudal pole on transverse plane was characterized by
low intra- and interobserver variability. No difference in time performing themeasure-
ments was noted between the twomethods.
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1 INTRODUCTION
Computed tomography (CT) of adrenal glands (AGs) is useful in the
diagnosis of hyperadrenocorticism (ie, in the distinction between
pituitary-dependent and adrenal-dependent hyperadrenocorticism)
and characterization of AG lesions.1–7 In particular, preoperative
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diagnosis using CT may be useful for surgical and therapeutical plan-
ning of AG masses.8–10 Interestingly, a recent study determined the
prevalence of incidental AG lesions identified in dogs undergoing
abdominal CT. Surprisingly, the prevalence of incidental AG lesions on
CTwas higher than the prevalence reported on abdominal ultrasonog-
raphy (US) in dogs with percentages of 9.3% and 4%, respectively.11,12
According to the authors, this difference might be due to the lower
sensitivity and specificity of the US compared to CT, as also previ-
ously reported in human medicine.13 An ultrasonographic standard-
ized method (ie, dorsal recumbency, ventral approach, adrenal imaged
on longitudinal plane) has been proposed to accurately measure the
AGs in dogs and cats.14–19 Relatively low inter- and intra-observer vari-
ability of the measurement of the caudal pole of both AGs was also
reported and reference values have been established for both dogs and
cats.17,19,20
An overestimation of the height of both AGs on transverse CT likely
due to their anatomical position and orientations has been described in
one abstract.21 In fact, as the orientation of AGs is usually oblique to
the long axis of the dog/spine,22 the measurement of width or height
performed on transverse CT images could be inaccurate and lead to
false-positive diagnosis of AG lesions. A standardized method of AGs
measurement and reference values on CT was not found in the veteri-
nary literature. Estimation of AGs size on CT using a volumetric mea-
surement has been proposed and amean normal value of 0.60 cm3 and
0.55 cm3 for the left and right AG, respectively, was reported.1,23 How-
ever, performing thismeasurementmay be limited in daily practice due
to time and software constraints.23
The objectives of the current study were to develop and evalu-
ate reproducibility for two, standardized CT methods of quantifying
adrenal size in large breed dogs. We hypothesized that the two stan-
dardized CT measurement methods would have high intra- and inter-
observer reproducibility in a sample of dogs with no clinical signs of
adrenal disease. We also hypothesized that the time for performing
measurements and measurement values would not differ between the
two CTmeasurement methods.
2 MATERIAL AND METHODS
2.1 Sampled dogs
In this prospective pilot observer agreement study, six privately owned
large-breed dogs (two each intact males, intact females, and neutered
females) with a median age of 11 years (range: 6-16 years) and median
bodyweight of 28 kg (range: 24.5-40.5 kg) were enrolled. The sample
size for this study was calculated using a power analysis of 80% with
a global significance level of 5%. The hospital director approved the
use of the data. Dogs were included if they had an abdominal CT as
part of their diagnostic workup for reasons unrelated to adrenal dis-
ease during the period of November 2018 to February 2019. Dogs
were excluded if adrenal disease or adrenal involvement was clinically
suspected or if adrenal abnormality was subjectively identified on CT.
Decisions for the inclusion or exclusion of dogs were made by a board-
certified veterinary radiologist (P.P., European College of Veterinary
Diagnostic Imaging [ECVDI]).
2.2 Data acquisition and recording
Abdominal CT was performed under general anesthesia and all CT
scans were obtained with the same 64-slice CT scanner (Philips Dia-
mond Select Brilliance 64,Netherlands)with patients in sternal recum-
bency. Acquisition parameters were as follows: helical mode, 120–
140 kVp, exposure 250 mAs, 1.5 mm slice thickness, 0.75 mm spac-
ing, 512 × 512 matrix and medium filter algorithm. Contrast injec-
tion was manually performed and images were acquired 40 s following
bolus injection. Post-contrast CT images were transferred to a work-
station using a commercially available DICOM imaging viewing soft-
ware (Osirix MD v 9.0.1 (Pixmeo SARL, 266 Rue de Bernex, CH1233
Bernex, Switzerland)) and were analyzed by three different observers
with different level of experience: a board-certified veterinary radiol-
ogist (Observer 1, DECVDI), a first-year ECVDI resident (Observer 2)
and first-year diagnostic imaging PhD student (Observer 3). Each study
were evaluatedwith a soft tissuewindow (Window level:+40;Window
width: 350) with an identical image size (800 × 800) on display screen.
For every CT exam, multi-planar reformatting (MPR) was performed
to obtain transverse, sagittal and dorsal planar images. Measurements
were obtained using two different methods. For method 1, MPR was
performed with the long MPR axis parallel to the spine (and short
orthogonal MPR axis parallel to L1-L2 intervertebral disc space). For
method 2, MPR was performed with the long MPR axis parallel to the
long axis of the respective adrenal gland. The following measurements
were recorded using an electronic caliper: maximal and minimal diam-
eters of the cranial and caudal poles in transverse plane, cranio-caudal
length, and dorso-ventral diameter of the cranial and caudal poles in
sagittal plane, cranio-caudal length, and medio-lateral diameter of the
cranial and caudal poles in the dorsal plane. The calipers were placed
on theouter borders of the adrenal capsule for eachmeasurement (Fig-
ures 1 and 2). For each method, the time duration was recorded with a
smartphone timer. All ten measurements, performed with the two dif-
ferent methods (1 and 2), were repeated three times for each AG by
each observer for all six dogs. The observers had to respect a 48-hour
delay between two experiments for the same dog. The observers were
blinded to clinical history, results of other observers’ measurements,
and results of their own previous measurements. The data were col-
lected with an on-line survey tool (Google form (Google LLC, Moun-
tain view, California, USA)). Eachmeasurementwas immediately typed
after performing it.
2.3 Data analysis
The answers to the survey were automatically transferred into a
spreadsheet (Excel, Microsoft corporation, Redmond, Washington,
USA) from the survey tool (Google sheet, Google LLC, Mountain view,
California, USA). All statistical analyses were performed by a statis-
tician using dedicated software (MedCalc® software version 17.6,
MedCalc Software bvba, Ostend, Belgium; Statistica®, Dell Software,
Round Rock, Texas, USA). All variables were assessed for normality
using Shapiro-Wilks test. Descriptive statistics (mean ± 95% confi-
dence intervals) were calculated for each group of measurements. For
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F IGURE 1 Computed tomographic images illustrating the first method of measurement of a left adrenal gland. A, Sketch representing the
multiplanar reformatting long axis placed parallel to the spine. B, Sagittal multiplanar reformatted image of a left adrenal gland illustrating the
measurement of the cranio-caudal length (red line) and dorso-ventral diameter of the cranial (white line) and caudal (blue line) poles. C, Dorsal
multiplanar reformatted image of a left adrenal gland illustrating themeasurement in cranio-caudal length (red line) andmedio-lateral diameter of
the cranial (white line) and caudal (blue line) poles. D, Transverse multiplanar reformatted image of a left adrenal gland illustrating the
measurement of themaximal (white line) andminimal (yellow line) diameters of the cranial pole. E, Transversemultiplanar reformatted image of a
left adrenal gland illustrating themeasurement of themaximal (blue line) andminimal (yellow line) diameters of the caudal pole. The calipers were
placed on the outer border of the adrenal capsule. Computed tomographic images were reconstructed with a soft tissue algorithm, matrix
512× 512, slice thickness 1.5mm, windowwidth 80HU, window level 500HU [Color figure can be viewed at wileyonlinelibrary.com]
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F IGURE 2 Computed tomographic images illustrating the secondmethod of measurement of a right adrenal gland. A, Sketch representing the
multiplanar reformatting long axis placed parallel to the long axis of the adrenal gland. B, Sagittal multiplanar reformatted image of a right adrenal
gland illustrating themeasurement of the cranio-caudal length (red line) and dorso-ventral diameter of the cranial (white line) and caudal (blue line)
poles. C, Dorsal multiplanar reformatted image of a right adrenal gland illustrating themeasurement of the cranio-caudal length (red line) and
medio-lateral diameter of the cranial (white line) and caudal (blue line) poles. D, Transverse multiplanar reformatted image of a right adrenal gland
illustrating themeasurement of themaximal (white line) andminimal (yellow line) diameters of the cranial pole. E, Transversemultiplanar
reformatted image of a right adrenal gland illustrating themeasurement of themaximal (blue line) andminimal (yellow line) diameters of the
caudal pole. The calipers were placed on the outer border of the adrenal capsule. Computed tomographic images were reconstructed with a soft
tissue algorithm, matrix 512× 512, slice thickness 1.5mm, windowwidth 80HU, window level 500HU [Color figure can be viewed at
wileyonlinelibrary.com]
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SAGITTAL PLANE length 29.2 (27.8-30.7) 29.4 (28.0-30.8)
maximum diameter cr pole 9.5 (8.9 - 10)* 11.5 (10.9-12.0)*
maximum diameter cau pole 7.8 (7.5-8.1) 8.2 (7.8-8.6)
DORSAL PLANE length 29.0 (27.4-30.5)* 29.9 (28.4-31.4)*
maximum diameter cr pole 7.0 (6.7-7.3)* 6,6 (6,3 - 6,9)*
maximum diameter cau pole 6.7 (6.4-7.1) 6.8 (6.5-7.1)
TRANSVERSE PLANE maximum diameter cr pole 13.4 (12.8-13.9) 13.5 (12.9-14.0)
minimum diameter cr pole 5.6 (5.4-5.9) 5.8 (5.6-6.0)
maximum diameter cau pole 9.4 (8.6-10.2) 8.8 (8.4-9.2)
minimum diameter cau pole 6.6 (6.3-6.8) 6.5 (6.2-6.8)
RIGHTAG
SAGITTAL PLANE length 31.3 (30.2-32.5) 32.8 (31.3-34.3)
maximum diameter cr pole 11.8 (10.9-12.6) 12.5 (11.8-13.3)
maximum diameter cau pole 6.8 (6.4-7.1) 6.8 (6.4-7.1)
DORSAL PLANE length 30.4 (29.4-31.4) 33.0 (31.4-34.5)
maximum diameter cr pole 7.0 (6.6-7.3) 6.9 (6.5-7.2)
maximum diameter cau pole 7.4 (7.0-7.7) 7.2 (6.9-7.5)
TRANSVERSE PLANE maximum diameter cr pole 11.8 (10.9-12.6)* 13.3 (12.7-13.9)*
minimum diameter cr pole 6.7 (6.1-7.2) 6.7 (6.2-7.1)
maximum diameter cau pole 8.3 (7.8-8.9) 8.2 (7.7-8.8)
minimum diameter cau pole 6.0 (5.6-6.4) 6.0 (5.7-6.4)
*Notes: Mean (95%Confidence Interval) of measurements (mm) for left and right adrenal glands in the three planes (i.e. sagittal, dorsal and transverse) using
twodifferentmethods (MPRwith axis parallel to the spine and parallel to long axis of each adrenal gland. Asterisk (*) shows statistically significant differences
between twomethods. Abbreviations: AG, adrenal gland;MPR,Multiplanar reformatted images; cr, cranial; cau, caudal.
each measurement, intraobserver and interobserver variability was
determined using the intraclass correlation coefficient (ICC), using the
ICC9 SAS macro (SAS release 9.4, SAS Institute Inc., Cary, USA). Intra-
class correlation coefficient values were categorized as poor (<0.50),
fair (0.50−0.70), good (0.70−0.90), and excellent (0.90−1.0). Data
were averaged for the three repetitions within each dog and any sta-
tistically significant difference between the twomethods (ie, measure-
ment’ values, duration) were detectedwith a paired t-test. Significance
was set at P-value< .05.
3 RESULTS
Adrenal glandswere both visible in all patients and in everyMPRplane.
For all observers, both AGs appeared subjectively different in terms
of morphology and orientation. Particularly, the right AG’s cranial pole
seemed to be the most variable in shape showing either a rounded,
ovoid, or triangular shape. Conversely, the caudal pole showed a less
variable shape which was most often rounded in the transverse plane
(cross-section). In most cases, borders of each AG were clearly visible
given the presence of adjacent abdominal adipose tissue. In one case,
the border of the cranial pole of the right AG was difficult to visual-
ize (mostly for the less experienced observer) due to the presence of
a right kidney mass. In another case, the cranial pole of the right AG
was in close contact with the hepatic lobe due to hepatomegaly. The
orientation of the long axis of both AG appeared subjectively differ-
ent betweenpatients. The axiswasoriented in a cranio-latero-dorsal to
caudo-medio-ventral plane in most patients, but in one patient, it was
oriented in the opposite direction.
The mean results (with 95% confidence interval (CI)) of the AG
measurements and the ICC for any measurement are listed in Tables 1
and 2, respectively. No significant differences were found in most
measurement values between the two methods (ie, MPR with axis
parallel to the spine and with axis along the axis of AGs). Only for
the maximal diameter of cranial pole (on sagittal and dorsal plane for
the left AG; on transverse plane for right AG) there was a significant
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TABLE 2 Intraclass Correlation Coefficient to define interobserver variability for measurements of adrenal glands obtained from 6
large-breed dogs and values of intraclass Correlation Coefficient to define interobserver variability for left and right adrenal gland using two
different methods (Multiplanar Reformatting with axis parallel to the spine and along the axis of each adrenal gland)
ICCMPRAXIS PARALLEL TO SPINE
ICCMPRAXIS PARALLELTO
LONGAXISOFAG
Left AG Right AG Left AG Right AG
SAGITTAL PLANE length 0.95 0.46 0.97 0.93
maximum diameter cr pole 0.46 0.61 NA 0.20
maximum diameter cau pole 0.46 0.48 0.53 0.57
DORSAL PLANE length 0.97 0.11 0.98 0.96
maximum diameter cr pole 0.79 0.41 0.54 0.19
maximum diameter cau pole 0.56 0.66 0.60 0.72
TRANSVERSE PLANE maximun diameter cr pole 0.72 NA 0.51 0.67
minimum diameter cr pole 0.49 0.12 0.45 0.56
maximum diameter cau pole 0.15 0.80 0.77 0.78
minimum diameter cau pole 0.36 0.40 0.57 0.52
Notes: Intraclass Correlation Coefficient values were categorized as poor (< 0.50), fair (0.50−0.70), good (0.70−0.90), and excellent (0.90−1.0). Abbrevia-
tions: AG, adrenal gland; ICC, Intraclass Correlation Coefficient; MPR,Multiplanar reformatted images; cr: cranial; cau: caudal.
difference between the two methods (P-value < .05). Interobserver
and intraobserver coefficients of variation are listed in Tables 3 and 4,
respectively. Lengths of AGs, both on sagittal and dorsal plane, were
characterized by the lowest intra- and interobserver variability. The
intraobserver (ICC 0.97-0.99) and interobserver (ICC 0.93-0.98)
ICCs for length were excellent for both AGs using both methods. An
exception was the right AG length measurement with the axis parallel
to the spine (intraobserver correlation coefficient: 0.41; interobserver
correlation coefficient: 0.11). Low intra- and interobserver variability
was found for the maximal diameter of the caudal pole, mostly in
transverse plane, with intraobserver correlation coefficient values
between 0.78 and 0.84 and interobserver correlation coefficient
values between 0.77 and 0.80. An exception was the measurement
of the left AG with the axis parallel to the spine, that showed high
interobserver variability (ICC = 0.15) despite good intraobserver
correlation (ICC = 0.78). Measurements of caudal pole of both AGs
showed, conversely, higher variability when they were evaluated
in the other two reformatting planes, i.e., dorsal and sagittal (ICC
between 0.46 and 0.60, respectively).The maximal diameter of the
cranial pole measured on dorsal plane and the height measured on
sagittal and transverse plane was characterized by high intra- and
interobserver variability on both sides and with both measurements
method (ICC left AG: 0.46-0.79; ICC right AG: 0.12-0.61). Examples
of intra- and interobsever variability measuring length, maximal
diameter of caudal and maximal diameter of cranial pole are depicted
in Figure 3,4 and 5, respectively. The median time taken to perform
the measurements, regardless of the observer, with axis parallel to the
spine was 8 minutes (5-18 minutes) while the median time with axis
along the axis of adrenal gland was 7 min (3-14 min). No significant
difference was found in duration of time between the two methods
(P-value= .086).
4 DISCUSSION
In this study, length measurement of AGs was characterized by lowest
intra- and interobserver variability regardless themethodused (1 or 2).
Interestingly measurement of the caudal pole on the transverse plane
was characterized by low intra- and interobserver variability. Results
of this study supported some but not all of the results of the previ-
ous ultrasound report by Barberet et al., where measurement of the
maximal diameter of the caudal pole was shown to be themost repeat-
able method for evaluating the size of the AGs.20 In our study, results
regarding the lengthwereunexpectedand contrastwithwhatwaspub-
lished by Barberet et al., where AG length was characterized by the
highest variability.20 A possible explanation could be the lesser influ-
ence of the operator-effect on CT compared with US. Another rea-
son may rely on the fact that relative error of the measurement is less
important in larger measurements compared to the smaller ones (ie,
height or width).
The clinical impact of this result, that is, low variability for AG length
measurements, remains questionable. Although the length of the AG
may also increase in cases of pituitary-dependent hyperadrenocorti-
cism, there is no cutoff value published regarding a length thresh-
old for differentiation between hormonal-dependent and age-related
changes. In addition, small AG lesions tend to alter the shape of AG
with nodular ormassive enlargement of one pole of theAG, rather than
modifying solely the length.
Not surprisingly, measurements of maximal diameter of cranial pole
showed the highest intra- and interobserver variability. This could be
likely due to border effacement of the cranial pole itself due to close
contact with adjacent organs such as kidneys, liver, epiaxial muscles or
abdominal masses. The lack of adipose tissue between the capsule of
these organs ormargins of these tissues and the AG itself may limit the
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F IGURE 3 Box andwhiskers plots representing distribution of measurements of the length of left adrenal gland on dorsal plane performed by
the three observers. On this graph, boxes are well aligned on zero point (very good reproducibility), presenting with a reduced and similar size
between each other (very good repeatability) [Color figure can be viewed at wileyonlinelibrary.com]
F IGURE 4 Box andwhiskers plots representing distribution of measurements of themaximal diameter of caudal pole of right adrenal gland on
transverse plane performed by the three observers. On this graph, boxes are correctly aligned on zero point (good reproducibility) and present
with a rather reduced size, except for theOperator 2 (good repeatability) [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 3 Interobserver coefficient of variations for measurements of adrenal glands obtained from 6 large-breed dogs for left and right







Sagittal Plane Length 0.183 0.173
Maximum diameter cr pole 0.173 0.129
Maximum diameter cau pole 0.139 0.169
Dorsal Plane Length 0.201 0.186
Maximum diameter cr pole 0.156 0.147
Maximum diameter cau pole 0.166 0.152
Transverse Plane Maximum diameter cr pole 0.143 0.136
Minimum diameter cr pole 0.155 0.135
Maximum diameter cau pole 0.248 0.155
Minimum diameter cau pole 0.121 0.151
RIGHTAG
Sagittal Plane Length 0.115 0.173
Maximum diameter cr pole 0.256 0.222
Maximum diameter cau pole 0.166 0.182
Dorsal Plane Length 0.108 0.175
Maximum diameter cr pole 0.185 0.202
Maximum diameter cau pole 0.183 0.162
Transverse Plane Maximum diameter cr pole 0.259 0.168
Minimum diameter cr pole 0.262 0.263
Maximum diameter cau pole 0.239 0.249
Minimum diameter cau pole 0.201 0.203
Abbreviations:MPR, multiplanar reformatted images; AG, adrenal gland; cr, cranial; cau, caudal.
delineation of its margins. In this study, although our cases were char-
acterized bymild to good amount of abdominal adipose tissue, this lat-
ter aspect proved to be more significant on the right side where the
measurement was subjectively found to be more complicated for all
three observers.22 A similar reason was thought to explain the good
ICC of the maximal diameter of the cranial pole the left AG, but only
forMPR obtained with the axis parallel to the spine.
In agreement to the results previously published on US, maximal
diameter of the caudal pole on transverse plane, showed a low intra-
and interobserver variability for both AGs and, in particular, using an
MPR axis parallel to the long axis of the AG.20 Measurements of the
left AG caudal pole showed good repeatability and reproducibility. A
possible explanation could relate to the shape of the caudal pole of AG,
which seems to be more regular and rounded in the transverse section
compared to the cranial one. This could allowaneasier andmore repro-
ducible placement of calipers, as the height and width would have the
same value. On the contrary, we observed a more different shape (ie,
ovoid, triangular, or flattened) of the cranial pole. Interestingly, most
values of maximal diameter of caudal pole, on transverse or sagittal
plane, were in the range of values for large breed dogs determined
using US, although this was not the aim of the study.19
In our study, the diameters of the cranial and caudal poles were not
higherwhenobtainedwith theMPRaxis parallel to the spine compared
to theMPR axis parallel to the axis of the AG. This result differed from
the overestimation theory reported by Clapp et al.21 This can be due
to a different orientation of the axis of each AG compared with the z-
axis in the dogs of our study, to smaller sample size or due to other
anatomical differences between dogs, such as the amount of abdomi-
nal fat or presence of abdominal masses. A recent study, with the aim
to demonstrate the effect of patient positioning on CT of AGmeasure-
ments, did not show optimal recumbent positioning and recommended
using the sameposition to evaluate andmonitorAGsize.24 In our study,
all CT scans included were performed on sternal recumbency and this
may have minimized any influence of patient positioning on AG mea-
surements. Interestingly, in the same aforementioned study, the height
and width of the caudal pole of the left AG obtained on transverse
planewere not significantly different in several different positions and,
therefore, transverse images were recommended for size determina-
tion of left AG. Furthermore, transverse plane images have been rec-
ommended for use tomonitor rightAGsize becauseborder effacement
associated with adjacent structures was less evident in this plane com-
pared to other planes.24
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TABLE 4 Intraobserver coefficients of variation for measurements of adrenal glands obtained from 6 large-breed dogs for left and right
adrenal gland using two different methods (multiplanar reformatting with axis parallel to the spine and along the axis of each adrenal gland)
MPR axis parallelto
spineCoefficient of variation
MPR axis parallelto long axis of
AGCoefficient of variation
Left AG
Sagittal Plane Length 0.040 0.030
Maximum diameter cr pole 0.119 0.179
Maximum diameter cau pole 0.112 0.127
Dorsal Plane Length 0.038 0.027
Maximum diameter cr pole 0.088 0.111
Maximum diameter cau pole 0.116 0.100
Transverse Plane Maximum diameter cr pole 0.076 0.088
Minimum diameter cr pole 0.119 0.095
Maximum diameter cau pole 0.159 0.083
Minimum diameter cau pole 0.107 0.109
Right AG
Sagittal Plane Length 0.068 0.052
Maximum diameter cr pole 0.164 0.140
Maximum diameter cau pole 0.122 0.142
Dorsal Plane Length 0.081 0.035
Maximum diameter cr pole 0.148 0.172
Maximum diameter cau pole 0.136 0.109
Transverse Plane Maximum diameter cr pole 0.156 0.106
Minimum diameter cr pole 0.215 0.209
Maximum diameter cau pole 0.121 0.120
Minimum diameter cau pole 0.161 0.140
Abbreviations:MPR, multiplanar reformatted images; AG, adrenal gland; cr, cranial; cau, caudal.
No significant differences were found between the two methods in
terms of duration time. Subjectively the authors found that MPR with
axis along the axis of AGwas an easier method and this was supported
by lower variability onmeasurements of the caudal polewithMPRwith
axis along theaxis ofAG, comparedwith thoseperformedwith axis par-
allel to the spine even if it was not statistically significant.
This study had some limitations primarily linked to the small sam-
ple size that could influence the statistical analysis. However, the sam-
ple size was obtained based on reasonable analysis power. The pres-
ence of organomegaly (ie, hepatomegaly) or abdominal masses, could
have influenced the accuracyofmeasurements, particularly for the cra-
nial pole of right AG. An additional limitation to this study is that the
accuracy of the two methods of measurement were not determined
by comparison to volumetric data of the entire gland obtained on CT
or macroscopically. This may be evaluated in a future study testing the
accuracy of those measurements. Furthermore, we have included only
large breed dogs although small breed dogs are more representative
for an at-risk population for adrenal glands diseases. The decision to
include only large breed dogswasmadewith the aim towork on higher
measurement numbers (larger adrenal glands compared to small breed
dogs) to increase the possible differences and the chance to observe a
statistical difference.
In conclusion, length of AGs on dorsal and sagittal MPR images
had the lowest intra- and inter-observer variability, but its clinical rel-
evance in daily practice for a veterinary radiologist is questionable.
Another AG measurement characterized by low intra- and interob-
server variability was the maximal diameter of caudal pole on trans-
verse plane, regardless of the method used. From a clinical point of
view, in a patient without history of AG disease, measuring the diame-
ter of the caudal pole on transverse images obtained fromMPRparallel
to the axis of the spine seemed tooffer reasonable and repeatablemea-
surement values. Further studies are needed to determine threshold
values for AG diameter that differentiate normal versus disease states
on CT.
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